This study evaluates the construct validity (including sensitivity to change) of the numerical rating scale (NRS) for pain intensity (I) and unpleasantness (U) and participant pain scale preferences in children/adolescents with acute postoperative pain. Eighty-three children aged 8 to 18 years (mean = 13.8, SD = 2.4) completed 3 pain scales including NRS, Verbal Rating Scale (VRS), and faces scales (Faces Pain Scale-Revised [FPS-R] and Facial Affective Scale [FAS], respectively) for pain intensity (I) and unpleasantness (U) 48 to 72 hours after major surgery, and the NRS, VRS and Functional Disability Index (FDI) 2 weeks after surgery. As predicted, the NRSI correlated highly with the VRSI and FPS-R and the NRSU correlated highly with the VRSU and FAS 48 to 72 hours after surgery. The FDI correlated moderately with the NRS at both time points. Scores on the NRSI and NRSU at 48 to 72 hours were significantly higher than at 2 weeks after surgery. Children found the faces scales the easiest to use while the VRS was liked the least and was the hardest to use. The NRS has adequate evidence of construct validity including sensitivity for both pain intensity and unpleasantness. This study further supports the validity of the NRS as a tool to measure both intensity and unpleasantness of acute pain in children.
and criterion validity in a clinical sample of children undergoing surgery. 26 In addition, the NRS correlated highly with other pain scales, and its distribution of scores was comparable with those of the VAS and FPS-R in children with postoperative pain. 37 In contrast, a study conducted among children with acute abdominal pain found poor agreement between the verbal NRS and the VAS, colored analog scale, and the Wong-Baker Faces scale. 1 The NRS was sensitive to change following administration of analgesics, had adequate test re-test reliability, and a high correlation with the VAS in children and adolescents presenting to a hospital emergency department. 2 As well, a cut-off score of 4 or higher on the oto 10 metric of the NRS discriminated between children who, after surgery, perceived themselves as needing versus not needing pain medication whereas a score of higher than 6 discriminated between children who were dissatisfied versus satisfied with treatment. 35 Finally, in a study comparing pain scales on the first 3 days after pectus excavatum repair, children's verbal NRS scores were higher than their FPS-R and VAS scores. Moreover, the rate of decrease in pain over the 3 postoperative days was significantforthe FPS-R and VAS but not the verbal NRS, 7 suggesting that the latter scale is less responsive to change over time than are the former scales.
Together, these studies have provided valuable psychometric data on the NRS for children with acute pain. In light of the findings described above, 7 it is especially important to evaluate whether the NRS is sensitive to change 9 and if it is a valid measure of other dimensions of the pain experience, such as pain unpleasantness. The primary objective of the present study was to evaluate the convergent and discriminant validity of the NRS for pain intensity (I) and unpleasantness (U) in children after surgery. Convergent validity of the NRS is examined by looking at its relationship with other pain scales whereas discriminant validity is evaluated by examining the relationship of the NRS with scales that measure a similar, but nonidentical, construct; in this case, functional disability. Research has shown that the relationship between functional disability and pain levels is not always strong; changes in pain levels are not highly correlated with changes in functional disability, and vice versa. 27 The present study also examined the sensitivity of the NRS to change over a 2-week period after surgery; its equivalence with other pain measures; and the scale participants liked best and found the easiest to use.
Methods

Participants and Recruitment
Children between the ages of 8 and 18 years undergoing either orthopedic (eg, scoliosis, osteotomy, plate insertion tibial/femur, open hip reduction, hip capsulorrhaphy) or general surgical procedures (eg, thoracotomy, thoraco-abdominal surgery, Nuss or Ravitch procedure for pectusexcavatum repair, sternotomy, laparotomy) were eligible to participate in this study. Participants were excluded if they were developmentally or cogni-tively delayed, undergoing surgery for cancer, or not fluent in written and/or spoken English.
Pain Measures
Three different pain measurement scales were used in this study: NRS, VRS, and faces rating scale (ie, FPS-R and Facial Affective Scale [FAS)). All the pain measures used have evidence of validity in children aged 8 years and 0Ider. 13 ,15,17,24,37 11-Point Numerical Rating Scale for Pain Intensity (NRSI) and Pain Unpleasantness (NRSU) .
The NRS is a verbally administered scale that measures pain intensity ("how much pain do you feel right now?"). The NRS can also be used to measure pain unpleasantness ("how unpleasantlhorrible/yucky is the pain right now?"). The end points represent the extremes of the pain experience. There are no agreed upon NRS anchors for measuring pain intensity and unpleasantness in children. 34 As such, the following anchors were used in the present study: for pain intensity, 0 = "no pain at all" to 10 ="worst possible pain"; for pain unpleasantness, 0 = "not at all unpleasantlhorrible/yucky" to 10 ="most unpleasantlhorrible/yucky feeling possible." Preliminary data suggest that the NRSI has good construct validity in a sample of children with acute postsurgical pain, aged 7 to 17 years. 37
Verbal Rating Scale for Pain Intensity and Unpleasantness (VRS 12 ) The VRS is a 4-point Likert scale designed to measure pain intensity and pain unpleasantness. Patients are asked to choose the best descriptor of the intensity and unpleasantness of their pain at the present moment. For pain intensity, the 4 possible choices are: 0 = "No pain," 1 = "A little bit of pain," 2 = "A medium amount of pain," 3 ="A lot of pain." For pain unpleasantness, the 4 choices are: 0 ="Not at all unpleasantlyucky/horrible," 1 ="A little bit unpleasantlyucky/horrible," 2 ="A medium amount unpleasantlyucky/horrible," 3 ="A lot unpleasantlyucky/horrible." The 4-VRS correlates highly with other measures of pain. 15
Faces Pain Scale-Revised (FPS-R 17 )
The FPS-R is a visual scale composed of 6 faces illustrating an increasing level of pain intensity. Children are asked to choose the face that best describes the intensity of the pain they are currently experiencing. Scores range from 0 to 10 with the faces representing the lower and higher levels of pain intensity coded as 0 and 10, respectively. The FPS-R is highly correlated with the visual analog scale (r =.93) and with the colored analog scale (r = .84), showing strong validity. 17 Facial Affective Scale (FAS 22 -24 ) The FAS is a self-report, visual scale assessing the extent to which the pain experience is unpleasant. Children are asked to select 1 of 9 faces (of which 4 show pain) that best represents how they feel about their pain. The child is told that each face represents how a person would feel "inside" when experiencing pain, and is asked "to point to one of the faces which looks like how you feel down inside -not how your face looks but how you really feel inside." Each face is coded using the affective magnitude ratings 22 ranging from .04 to .97. The scale has good convergent validity as evidenced by a higher correlation with the colored analog scale for pain unpleasantness than to the colored analog scale for pain intensity.28
Functional Disability Inventory (FDI 3S )
The Functional Disability Index (FDI) is a 15-item scale that measures difficulties children experience completing specific tasks (eg, "Walking to the bathroom," "Eating regular meals:' and "Being at school all day"). The FDI typically uses a 5-point Likert Scale yielding total scores ranging from 0 to 60. Unintentionally, a 4-point Likert scale was used in this study. Children were asked to rate each item on a scale from 0 (no trouble) to 3 (impossible). Total scores range from 0 to 45. The FDI has been used with many pediatric populations, including children with chronic pain 19,21,30 and postsurgical pain. 13
Procedure
The study was reviewed and approved by the Research Ethics Boards of the Hospital for Sick Children and York University. Initial contact with potential participants was made by nurses, known to the patients, who were not part of the research team. Potential participants, who expressed an interest in hearing more about the study, were approached by a research team member 48 to 72 hours after surgery. After obtaining informed written parental consent and consent or assent from children, a research team member read to children a set of questionnaires including the NRSI-1, NRSU-1, VRSI-1, VRSU-1, FPS-R, and FAS, and recorded their responses to each item. The order of administration of questionnaires was randomized (http://www.randomization. com) within participants to minimize potential order and fatigue effects. Telephone follow-ups were conducted approximately 2 weeks after discharge from hospital by a research assistant who verbally administered to children the NRSI-2, NRSU-2, VRSI-2, VRSU-2 and FDI. Parents also completed measures, but these results will not be presented here.
Data Analysis
The validity of the NRS was examined using construct validity (convergent and discriminant validity) as well as responsiveness (sensitivity to change over time). Data were screened for normality; non-normality was addressed using appropriate transformations. Welch statistics were used to analyse transformed variables.
Construct Validity
Construct validity was examined using convergent validity, discriminant validity, and sensitivity to change over time.
Convergent Validity
Convergent validity was determined by correlating the NRSI-1 and NRSU-1 with 2 other scales measuring pain intensity (FPS-R and VRSI-1) and pain unpleasantness (FAS and VRSU-1), using Pearson correlations. Spearman correlations were also examined between the NRSI-2 and VRSI-2; and the NRSU-2 and VRSU-2. Moderate (r > .30) to high (r > .70) correlations 18 would indicate adequate convergent validity. In addition, the NRSI should correlate more strongly with other measures of pain intensity compared with pain unpleasantness; similarly, the NRSU should correlate more strongly with other measures of pain unpleasantness compared with pain intensity. As such, 2-tailed, paired samples t-tests 6 were used to compare the strength ofthe correlation coefficients between the NRSI-1 and FPS-R compared with NRSI-1 and FAS and between the NRSU-1 and FAS compared with NRSU-1 and FPS-R. The strength of the correlation coefficients between the NRSI-1 and VRSI-1 compared with the NRSI-1 and VRSU-1 and between the NRSU-1 and VRSU-1 compared with NRSU-1 and VRSI-1 were also examined using a t-statistic. 6 A t-statistic was used to account for the lack of independence between correlation coefficients (ie, the NRS is part of both correlation coefficients being compared).
Discriminant Validity
Discriminant validity was determined by correlating the NRS with scores of functional disability. Research has shown that the relationship between functional disability and pain levels is not always strong; changes in pain levels are not highly correlated with changes in functional disability, and vice versa?7 As such, moderate correlations (.30 < r> .70) between the NRSI-1, NRSU-1, NRSI-2, and NRSU-2 with the FDI would indicate adequate discriminant validity.
Sensitivity to Change Over Time
Pearson correlations were examined between the NRSI-1 and NRSI-2 and between the NRSU-1 and NRSU-2. Paired samples t-tests were used to compare changes in mean pain intensity (NRSI) and mean pain unpleasantness (NRSU) ratings from 48 to 72 hours after surgery to 2 weeks after surgery. It was expected that pain intensity and pain unpleasantness scores 2 weeks after surgery would be lower than their respective inhospital scores. As such, significantly lower scores at the 2-week assessment would indicate adequate ability of the NRS to detect changes in acute pain levels over time. The sensitivity to change over time of the VRS (VRSI-1 with VRSI-2 and VRSU-1 with VRSU-2) was also examined. Given that the VRS is an ordinal scale, Wilcoxon ranked signed test was used. Because the NRS is scored on an 11-point rating scale and the VRS is scored on a 4-point scale, it was expected that the NRS would be more sensitive to change over time. The NRS is a continuous measure whereas the VRS is considered as ordinal and, as such, no direct statistical procedures can be used to compare their sensitivity to change.
Equivalence of Pain Scales
In order to examine the equivalence of pain scales, absolute pain score differences between the NRSI-1 and FPS-R were examined. Both the NRSI and the FPS-R are scored on a scale from 0 to 10. If children's pain reports on these 2 scales are equivalent, then the pain score difference should be equal to zero. Score differences for pain unpleasantness were not examined given that the NRSU is an 11-point scale and the FAS uses 9 faces of which 4 show pain (range of scores .04 through .97) and, as such, direct comparisons between the scales cannot be made.
We also examined the equivalence of the VRS and NRS by comparing the NRSI-1, NRSU-1, NRSI-2, and NRSU-2 across levels of the VRSI-1, VRSU-1, VRSI-2, and VRSU-2, respectively. It was expected that scores on the NRSI-1 would increase significantly from 1 category to another on the VRSI-1 (eg, NRS scores corresponding to the VRS category "a little bit of pain" would be lower when compared with those corresponding to the category "a medium amount of pain"). A series of 4 Bonferronicorrected (a. = .0125), 1-way univariate analysis of variance (ANOVA) tests was performed using the 4 levels of the VRS scale as the factor and the participant's corresponding NRS score as the dependent variable. Significant main effects were explored with multiple comparisons using Bonferroni corrections. When the assumption of homogeneity of variance was violated, Welch F-statistics and Games-Howell post hoc tests were used.
Children's Preferences for Pain Scales and Their Ease of Use
After completing the NRSI-1, VRSI-1, and FPS-R, children were asked: 1) "Which one of the three scales did you find easiest to do? And which one did you find hardest to do?" 2) "Which one did you like doing best? And which one did you like doing least?" and 3) "Are there any other things about the three ways of measuring the pain you feel that you would like to tell us?" Children also answered the same questions after completing the pain unpleasantness scales (NRSU-1, FAS, and VRSU-1). Multinomiallogistic regression analyses were used to examine if age and gender significantly influenced which pain scale children liked best and found easiest to use. Chi-square Goodness of Fit was used to examine differences in children's opinions of ease of use and likability of pain scales.
Sample Size Estimation
Sample size was calculated based on the primary objective of this study (to examine the convergent and discriminant validity of the NRS for both pain intensity [I] and unpleasantness [U]). As such, sample size was calculated a priori for Pearson correlations using G*Power v.3.1.2. 11 Sample size analysis showed that 84 participants would be required to find a significant correlation of r =.30 at a. = .05 (2-tailed) and power = 80%. All analyses were conducted using SPSS v.19.0.
Results
Skewness and kurtosis significance testing (estimatel standard error >3) did reveal non-normality for the FAS, NRSI-2, and NRSU-2. Exponential transformation was used on the FAS to achieve normality and square root transformation was used on both the NRSI-2 and NRSU-2. All subsequent analyses are performed using these 3 transformed variables (FASt, NRSI-2 t , and NRSU-2 t ) unless otherwise specified.
Recruitment
Recruitment took place between July 2008 and September 2010. Of the 4,054 children who underwent orthopaedic or general surgery during this time period, 3,150 were excluded because they did not undergo 1 of the 11 surgeries included in this study and another 370 children were excluded because they were younger than 8 years of age. Another 131 potential participants were excluded because they had cognitive or developmental delay (n = 34), were noncommunicative (n = 31), had severe cerebral palsy (n =44), their parents were not fluent in written and spoken English (n =19), x,2 
Descriptive Statistics
OF P VRSI-1 (0-3) 2 (0-3) 2 (0-3) 2 (0-3) 3.47 3 .325 VRSU-1 (0-3) 2 (0-3) 2 (0-3) 2 (0-3) 7.1 (0-2) 3.47 1 (0-3) 2.21 1 (0-3) 1 (0-3) 1 (0-3) 1 (0-3) MEDIAN MEDIAN MEDIAN (RANGE) (RANGE) (RANGE) TOTAL SAMPLE GIRLS VRSI-2 (0-3) VRSU-2 (0-3)
Sensitivity to Change Over Time
Correlation coefficients between the NRS and VRS 48 to 72 hours after surgery and 2 weeks after discharge are shown in Table 2 . Using the nontransformed NRSI-2 and NRSU-2 data, results showed that scores on the NRSI-1 and NRSU-1 were significantly higher than scores on the NRSI-2 (mean change = 1.49; t[68) = 5.25; P < .001; effect size =.68) and NRSU-2 (mean change = 1.89; t[68) = 5.30; P < .001; effect size = .72), respectively. In addition, significant differences were found between the VRSI-1 and VRSI-2 (z = -4.272, P < .001) as well as between the VRSU-1 and VRSU-2 (z = -3.638, P < .001). As such, both the NRS and VRS for pain intensity and unpleasantness showed a significant decrease from 48 to 72 hours to 2 weeks after discharge from hospital.
Construct Validity
Convergent Validity
As shown in Table 2 , the NRSI-1 and NRSU-1 correlated significantly with the FPS-R and VRSI-1 and the FASt and VRSU-1, respectively. The NRSI-2 t and NRSU-2 t significantly correlated with the VRSI-2 and VRSU-2, respectively.
The NRSI-1 correlated significantly more with the FPS-R (another measure of pain intensity) than it did with the FASt (a measure of pain unpleasantness) (t [1, 80) = 2.68, P = .01). The NRSI-1 also correlated significantly more with the VRSI-1 than it did with the VRSU-1 (t [1, 80) = 3.41, P < .01). Similarly for pain unpleasantness, the NRSU-1 correlated significantly more strongly with the FASt than it did with the FPS-R (t [1,80) = 2.23, P = .03). The NRSU-1 also correlated significantly more strongly with the VRSU-1 than it did with the VRSI-1 (t [1,80) = 2.38, P = .02).
Discriminant Validity
As shown in Table 2 , significant, moderate correlations were found between pain intensity and unpleasantness 48 to 72 hours and 2 weeks after discharge from hospital and functional disability (FOI) measured 2 weeks after discharge from hospital.
whereas 39 (47%) had undergone, on average, 2 (SO=1.6) surgical interventions in the past (range = 1-7). The majority of children retrospectively reported no pain (n = 36, 43.4%) or a little pain (n = 31, 37.3%) prior to the present surgery, while the remaining participants reported a medium amount (n = 13, 15.7%) or a lot (n = 3, 3.6%) of pain. Significant differences were not found in elapsed time from initial assessment to follow-up (P = .160) or in pain intensity or pain unpleasantness scores 48 to 72 hours after surgery (NRSI: P = .217; NRSU: P = .355) and 2 weeks after discharge (NRSI: P = .078; NRSU: P = .260) across the different types of surgical procedures.
Chi-square test revealed significant gender differences across types of surgical procedures (x2 = 23.25, P < .001) in that fewer boys had surgery for scoliosis than expected and more boys had a Nuss or Ravitch procedure than expected. Mean total scores and standard deviations (median and range were used for the ordinal VRS scale) on the pain scales measured 48 to 72 hours after surgery and 2 weeks after discharge from hospital are presented in Table 1 . Compared with boys, girls reported significantly higher levels of pain unpleasantness 48 to 72 hours after surgery (NRSU-1: mean score girls = 4.98 ± SO, mean score boys = 3.70 ± SO) and functional disability 2 weeks after discharge from hospital (FOI: mean score girls = 21.15 ± SO, mean score boys = 16.24 ± SO). Girls and boys did not differ significantly on any other measures. Correlation coefficients presented in Table 2 show that age was not significantly correlated with functional disability or any of the measures of pain intensity or unpleasantness (all P> .05). tSpearman correlation coefficients were used below the diagonal for the VRSI-l, VRSU-l, VRSI-2 and VRSU-2. **indicates significance at the P= 0.01 level.
Equivalence of Pain Scales
As shown in Fig 1, 55 (68%) Table 4 
of children rated their pain within a 1-point difference on the NRSI and FPS-R, while there was a 2-point difference or less for 71 (88%) children and a 3-point difference or less for 78 (96%) children. A 4-point difference or more was only found in 3 children. Age was not significantly correlated with the distribution of differences in pain scores between the NRSI and FPS-R. There were also no gender differences in the distribution of differences in pain scores between the NRSI and FPS-R (t[791 =-.092, P =.927).
Table 3 shows that for both pain intensity and pain unpleasantness measured 48 to 72 hours after surgery and 2 weeks after discharge, scores on the NRS increased significantly as scores on the VRS increased (from "No pain" to "A little bit of pain"; to "A medium amount of pain"; to "A lot of pain"). The 1 exception to this pattern was that for the NRSI-2t, significant differences were not found between "A medium amount of pain" and "A lot of pain". Fig 2 shows box plots of (untransformed) NRS scores across categories of the VRS for both pain intensity and unpleasantness.
Evaluation of Children's Preferences for Pain Scales and Their Ease of Use
depicts children's evaluation of pain scales to measure both pain intensity and unpleasantness. Results indicate that for pain intensity, the FPS-R was the bestliked scale whereas the VRS was the least-liked scale.
In terms of ease of use, the FPS-R was rated as the easiest whereas none of the 3 scales significantly stood out as the hardest. The pattern of findings for pain intensity and pain unpleasantness scales was similar (Table 4) . Table 5 , children liked the FPS best, primarily because they reported that it better described the pain they felt. The VRS was the least-liked scale mainly because it did not offer enough choices to describe their pain. Children who liked the NRS best, reported that they were more familiar with this type of scale and found numbers easier to use when quantifying their pain. There were no significant effects of age or gender on children's best-liked scale, least-liked scale, Abbreviations: NRSI-l, Numerical Rating Scale for Pain Intensity measured 48 to 72 hours after surgery; NRSI-2'. Numerical Rating Scale for Pain Intensity measured 2 weeks after discharge (square root transformation); NRSU-l, Numerical Rating Scale for Pain Unpleasantness measured 48 to 72 hours after surgery; NRSU-2 1 , Numerical Rating Scale for Pain Unpleasantness measured 2 weeks after discharge (square root transformation); VRSU-2, Verbal Rating Scale. *Indicate that Welch F-statistic and Games-Howell post hoc tests were used to adjust for violation of the assumption of homogeneity of variance.
Overall, as shown in
suits showed that the NRS for pain intensity and pain unpleasantness has good convergent validity (correlated highly with the VRSI and VRSU as well as FPS-R and FAS, respectively); discriminant validity (moderate correlations with the FDI); and sensitivity to change over a 2-week period. Resu Its of the 1-way ANOVA suggested that the NRS can be used interchangeably with the VRS, and examination of score differences between the NRS scale they found easiest, or scale they found hardest to use (P = .416-.942).
Discussion
The goal of this study was to provide additional support for the validity of the NRS (for pain intensity and pain unpleasantness) in children after major surgery. Re and FPS-R suggested that a small variation in pain scores «3) exists between the 2 scales. Results also suggest that the NRS is as valid to measure pain unpleasantness as it is to measure pain intensity. Interestingly, both the NRS and VRS demonstrated statistically significant decreases from 48 to 72 hours postsurgery to the 2-week follow-up. These results are in contrast to those from the adult literature which suggest that the NRS has greater sensitivity and that the VRS has inadequate sensitivity.39 A review of pain rating scales has shown that the NRS might be one of the most sensitive scales to detect changes in pain levels in adults;39 the more response options a scale possesses, the more sensitive it tends to be. This suggests that while the NRS offers more response options compared with the VRS, the latter might offer more concrete and specific categories for children to rate their pain experience.
The results of the present study also are not consistent with those from a recent study which found that the verbally administered NRS, in contrast with other pain measures, did not decrease over the first 3 days after surgery?
It is possible that this discrepancy in findings is due to the difference in time elapsed between measurements (2 days7 versus 2 weeks in the present study) and that the NRS lacks sensitivity to smaller changes in pain intensity across a shorter time period. It is also possible that results from Connelly and Neville's study7 reflect a response bias in that participants might have remembered the number they reported in the previous assessment that took place only 2 hours prior. It is possible that it was easier for participants to remember the number they reported in the previous assessment than the face they picked or where on a continuous scale they had rated their pain. It would be interesting for future studies to examine whether the NRS is sensitive to change in pain intensity over time in the acute postoperative period by measuring NRS pain scores only once a day and as such minimizing recall bias. Such study would use an alternative pain scale for clinical purposes to ensure adequate pain assessment, but would make it possible to further evaluate the sensitivity to change of the NRS.
In addition, the minimum clinically significant difference of the NRS in pediatric populations has not been clearly established. Research conducted in musculoskeletal pain 31 and emergency department 20 adult samples has found that approximately a 1-point change on the NRS is associated with "a little morelless pain" while a 2-point decrease on the NRS is associated with a report of "much better." It is unclear however, ifthese minimum clinically significant differences on the NRS also apply to pediatric postsurgical patients. Only 2 studies have examined how changes in NRS scores correspond with minimum clinically meaningful changes in the pain experience of children. 2 ,35 Both studies suggested that a 1point difference on the 0 to 10 NRS correspond with "a little better" or "a little worse" pain. What is not clear however is whether a 1-point change on the NRS translates into a need to intervene clinically (eg, a need for more or less pain medication). In the present study, the mean change scores (from 24 to 48 hours postop to the 2-week follow-up) were 1.49 (15% decrease on the NRS) for pain intensity and 1.89 (19% decrease on the NRS) for pain unpleasantness. These differences would exceed the minimum clinically significant difference in pain scores of 1 point described above. 2 ,35 These results are also consistent with the minimum clinically significant difference established for the VAS in children (a change of 10 mm or 10%).29 It will be important for future research to validate the minimum clinically significant difference on the NRS across various pediatric patient populations. Establishing the minimum clinically significant difference on the NRS is important, but it would only provide general guidelines that have little specificity in terms of clinical decision making. s Finding a cut-off score that indicate the need for pain management interventions would not take into account individuality and differences in the ways each child reports his/her pain.
A gender difference was found for pain unpleasant-ness48 to 72 hours after surgery using the NRSU. This difference was not evident for the VRSU, FAS, nor any of the 3 pain intensity scales. Whereas it is possible that there is a gender difference in pain unpleasantness that only the NOTE. Some children reported they found all 3 pain intensity scales (n = 7) and pain unpleasantness scales (n = 6) to be equivalent in terms of ease of use and likeness.
NRS was able to detect, the absence of a difference between boys and girls on the other measures is not consistent with pediatric 14 and adult 32 patient samples
showing that females score higher than males on pain unpleasantness. It is also possible, however, that this result represents a difference in the way girls use numbers to quantify pain unpleasantness compared with boys and as such the observed difference on the NRSU could be attributed to the type of scale used (ie, numerical). Another possibility is that the difference observed in pain unpleasantness ratings is an artifact of the gender difference observed in the type of surgical procedures underwent by girls and boys. If this were the case though, one would also have expected similar differences in pain intensity scores.
Children favored the faces scales (FPS-R and FAS) over the VRS in terms of likability and ease of use for both pain intensity and unpleasantness. Findings suggest that the VRS was liked best by the fewest number of participants and liked least by the most, indicating that it is not the preferred scale. There were no significant gender or age differences in children's preferences for pain scales or for the scale they found easiest or hardest to complete, suggesting that the same scale could be used across age groups and genders. These results contrast with those of a previous study which found that even though all age groups and both genders tended to prefer the FPS-R, this tendency was more pronounced for girls and younger children. 26
Consistent with the findings from Miro et al 26 as well as von Baeyer et al,37
the present results did not show an association of age with NRS pain intensity ratings, or differences in ratings across pain measures in children of 8 years of age and older. These results suggest that the NRS has adequate validity across age groups. It is important, however, to keep in mind when choosing to use the NRS in younger children that the child's ability to reason numerically is essential to valid self-reports, and that no one scale will be optimal across child age groups.5,34It is important to examine whether the verbally administered NRS can also be used by younger children, including 6and 7-year-olds. Although the NRS has been validated in children as young as 6 years old,26 future validation studies of the NRS in young children should examine their cognitive ability to understand quantitative information and their tendency to select the extreme numbers on the NRS compared with other scales (eg, FPS_R).26 Young children also tend to provide answers to questions regardless of their understanding and such bias can only be determined with multiple testing. 36
There are several limitations to this study. First, this study assessed pain-related measures only after surgery, but not before. It was thus not possible to examine sensitivity of the NRS to change from baseline to postsurgery. In addition, the sample size did not allow for an examination of the validity of the NRS in each age group separately. The 17% attrition rate from the initial assessment to the follow-up might have led to a reduction in the power to detect effects at the follow-up and as such, with no attrition at the follow-up, we might have found even larger correlation coefficients. Furthermore, a 4point scale was inadvertently used for the FDI instead of the standard 5-point scale. It is possible that the reduced variation in responses may have influenced the observed relationship with pain scales. Additional studies should replicate these findings using a 5-point FDI scale. Lastly, the NRS was administered verbally, while the FPS-R and FAS relied on a visual component. It will be important for future studies to compare the validity of a written administration of the NRS with the verbally administered NRS (also referred to as the Verbal Numerical Scale1,2) as well as with the FPS-R and FAS to rule out any potential administration effects.
Conclusion
Notwithstanding these limitations, the results from this study add to the emerging literature on the psychometric properties of the NRS in pediatric populations by demon-strating that the NRS is a valid measure for pain intensity and unpleasantness, and it is sensitive to change in the weeks following major surgery. Using the NRS to measure both the sensory and affective dimension of children's pain experience has the advantage offacilitating comparisons across these dimensions and reducing the burden on children who need to familiarize themselves with only 1 measurement tool. Future avenues for research include the evaluation of different anchors to measure the pain experience 24 as well as the examination of how children's familiarity with the NRS influences their self-reported pain experience. In addition, research remains to be done in order to translate self-report pain scores on the NRS into a clinically meaningful tool to guide treatment intervention. Lastly, most studies evaluating the validity of the NRS have examined this scale against other pain scales, which in turn have been validated against other pain scales. 8 As such, it would be helpful for future research to evaluate the validity of the NRS against other types of pain measurements, including biological markers, qualitative descriptions, and behavioral observations.
